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TITLE OF THE* INVENTION 

METHOD FOR INJECTION-MOLDING AN ARTICLE HAVING 
A H6LLOW PORTION AND AN INJECTION-MOLDING 
APPARATUS 

5 

BACKGROUND , OF THE INVENTION AND RELATED ART STATEMENT 

Trie present invention relates to a method for 
injection-iholding an article having a hollow portion, 
more specifically, a method for injection-molding an 
10 article having a hollow portion according to a kind of 
two-color molding method, and an injection-molding 
apparatus suitable for carrying out the above method. 
M Conventionally, an article having a hollow 

,jp portion, which article is required not only to have 

03 15 surface properties such as an excellent appearance, 

5Tj slidability and chemical resistance but also to have 

fU rigidity, is produced by the following method. That is, 

rif (1) a method in which a first member for covering the 

= surface properties (generally, an article having a solid 

B 20 portion) and a second member for covering the rigidity 

fjj (generally, an article having a hollow portion) are 

ffi separately injection-molded and then assembled, 

r? (2) a method in which a first member for covering the 

surface properties (generally, an article having a solid 
25 portion) is prepared in advance, the first member is 
inserted into a mold and a second member for covering 
the rigidity (generally, an article having a hollow 
portion) is integrally injection-molded, and 
(3) a sandwich gas injection method. 
30 JP-A-1 0-281 139 (Japanese Patent Application No. 

9-90679) disclose a method of producing a paper feeding 
roller, in which a soft material that comes to be 
relatively soft after solidified is injected into a 
cavity, then, a resin material that comes to be 
35 relatively hard after solidified is injected into the 
soft material, and then a gas is introduced into the 
resin material to break a layer of the soft material 
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with the resin material and press the soft material to a 
wall surface of the cavity with the resin material. 

The above method (1) requires a assembly step, 
and an article produced by the assembly generally has a 
5 problem that the strength thereof is poor as compared 
with a molded article integrally formed. In the above 
method (2), for producing (molding) the first member and 
the second member, it is required to carry out injection 
molding twice or it is required to prepare the first 
10 member beforehand, so that the operation is complicated 
and that an additional production cost is required. In 
the above method (3), it is difficult to control the 
„ thickness of the portion covering the surface properties, 

y3 and it is also difficult to constitute a desired portion 

^ 15 of a molded article from a material (resin) having 

ffj excellent surface properties. 

py The method of producing a paper feeding roller, 

7=1 disclosed in JP-A-10-281139 , is basically a combination 

s technology of a sandwich molding method and a gas 

20 injection method, and the roller has a structure in 
ny which the relatively soft material has a hollow portion 

2 and covers nearly the entire region of the roller itself 

rf and a support shaft made of the relatively hard resin 

material. In the paper feeding roller, however, the 
25 support shaft is desirably hard, and it is difficult to 
constitute a desired portion from a desired material in 
the production method disclosed in JP-A-10-281139 . In 
the sandwich molding method, further, it is difficult to 
control the thickness of the soft material, and it is 
30 difficult to form the soft material on a surface of the 
resin material with positional accuracy and thickness 
accuracy. 

OBJECT AND SUMMARY OF THE INVENTION 

35 It is therefore an object of the present 

invention to provide a method for injection-molding an 
article having a hollow portion, in which desired 
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portions of the molded article made of two thermoplastic 
resins can be reliably constituted of the two 
thermoplastic resins and the thickness of each portions 
of the molded article made of the two thermoplastic 
5 resins can be accurately and easily controlled, and an 
injection-molding apparatus suitable for carrying out 
the above injection molding method. 

The injection-molding apparatus of the present 
invention for achieving the above object comprises; 
10 (A) a mold assembly having a first-molten-resin 

injection portion for injecting a first molten 
thermoplastic resin into a cavity of the mold assembly, 
y a second-molten-resin injection portion for injecting a 

gj second molten thermoplastic resin into the cavity, and a 

;fi 15 pressurized-f luid introducing portion for introducing a 

|{j pressurized fluid into the second molten thermoplastic 

U] resin injected into the cavity, and 

(B) a first injection cylinder communicating 
with the first-molten-resin injection portion and a 
20 second injection cylinder communicating with the second- 
molten-resin injection portion. 

The injection-molding apparatus of the present 
invention may be constituted to have a movable partition 
member to be positioned in a portion of the cavity 
25 between a first cavity portion that the first molten 
thermoplastic resin can occupy in the cavity and a 
second cavity portion that the second molten 
thermoplastic resin can occupy in the cavity. In the 
above constitution, one surface of the partition member 
30 may have convexo-concave shapes for improving the 
junction strength between a portion of the molded 
article made of the first thermoplastic resin and a 
portion of the molded article made of the second 
thermoplastic resin. The convexo-concave shapes formed 
35 on the surface of the partition member are transferred 
to the first or second molten thermoplastic resin that 
is injected into the cavity to come in contact with the 
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partition member. In a molded article as an end product, 
therefore, the portion of the molded article made of the 
first thermoplastic resin and the portion of the molded 
article made of the second thermoplastic resin are 
5 engaged with each other, so that the junction strength 
between these portions can be improved. Further, for 
attaining the reliable movement of the partition member, 
preferably, the direction in which the partition member 
is movable is nearly at right angles with the direction 
10 of a pressure exerted on the partition member by the 
first molten thermoplastic resin injected from the 
first-molten-resin injection portion into the first 
q cavity portion, the direction of a pressure exerted on 

*Q the partition member by the second molten thermoplastic 

"p 15 resin injected from the second-molten-resin injection 

fy portion into the second cavity portion, or the direction 

of a pressure exerted on the partition member by the 
pressurized fluid introduced from the pressurized-f luid 
introducing portion. When the above partition member is 
20 moved (extracted or withdrawn) before it comes in 

contact with the second molten thermoplastic resin, the 
direction in which the partition member is movable is 
nearly at right angles with the direction of a pressure 
exerted on the partition member by the first molten 
25 thermoplastic resin injected from the first-molten-resin 
injection portion into the first cavity portion. 
Further, when the partition member is moved (extracted 
or withdrawn) before it comes in contact with the first 
molten thermoplastic resin, the direction in which the 
30 partition member is movable is nearly at right angles 
with the direction of a pressure exerted on the 
partition member by the second molten thermoplastic 
resin injected from the second-molten-resin injection 
portion into the second cavity portion or the direction 
35 of a pressure exerted on the partition member by the 

pressurized fluid introduced from the pressurized-f luid 
introducing portion. 



According to a first aspect of the present 
invention, there is provided a method for injection- 
molding a molded article having a hollow portion (to be 
sometimes abbreviated as "first injection-molding method 
of the present invention" hereinafter) which method uses 
the above injection-molding apparatus of the present 
invention* That is, the first injection-molding method 
of the present invention is a method for injection- 
molding a molded article having a hollow portion by 
means of an injection-molding apparatus comprising; 

(A) a mold assembly having a first-molten-resin 
injection portion for injecting a first molten 
thermoplastic resin into a cavity of the mold assembly, 
a second-molten-resin injection portion for injecting a 
second molten thermoplastic resin into the cavity, and a 
pressurized-f luid introducing portion for introducing a 
pressurized fluid into the second molten thermoplastic 
resin injected into the cavity, and 

(B) a first injection cylinder communicating 
with the first-molten-resin injection portion and a 
second injection cylinder communicating with the second- 
molten-resin injection portion, 

the method comprising the steps of; 

(a) injecting the first molten thermoplastic 
resin from the first injection cylinder into the cavity 
through the first-molten-resin injection portion, 

(b) initiating the injection of the second 
molten thermoplastic resin from the second injection 
cylinder into the cavity through the second-molten-resin 
injection portion, without bringing the second molten 
thermoplastic resin into contact with the first molten 
thermoplastic resin injected into the cavity, 
concurrently with the start of injection of the first 
molten thermoplastic resin into the cavity, during the 
injection thereof or after completion of the injection 
thereof, and 

(c) introducing the pressurized fluid into the 
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second molten thermoplastic resin in the cavity from the 
pressurized-f luid introducing portion during the 
injection of the second molten thermoplastic resin into 
the cavity or after completion of the injection thereof, 
5 thereby to form the hollow portion inside the second 
thermoplastic resin. 

The first injection-molding method of the 
present invention may include an embodiment in which the 
first thermoplastic resin is in a molten state when the 
10 first thermoplastic resin comes in contact with the 

second molten thermoplastic resin in the step (c). That 
is, the above embodiment satisfies Ti&Tsi in which T S i is 

O 

~ a solidification temperature of the first thermoplastic 

gg resin and Ti is a temperature of a portion of the first 

15 thermoplastic resin which portion comes in contact with 

i y 

pj the second molten thermoplastic resin when the first 

U1 thermoplastic resin comes in contact with the second 

" 5 molten thermoplastic resin. By the above embodiment, a 

Q portion of the molded article made of the first 

J: 20 thermoplastic resin and a portion of the molded article 

m made of the second thermoplastic resin are melt-attached 

Q to each other, so that the junction strength between 

these two portions can be improved. 

Alternatively, the first injection-molding 
25 method of the present invention may include an 

embodiment in which a portion of the first thermoplastic 
resin which portion comes in contact with the second 
molten thermoplastic resin comes into a re-melted state 
due to the contact thereof with the second molten 
30 thermoplastic resin in the step (c). That is, the above 
embodiment satisfies T'i<T S i in which T'i is a 
temperature of a portion ("solidified layer" 
hereinafter) of the first thermoplastic resin which 
portion is to come in contact with the second molten 
35 thermoplastic resin at a time immediately before the 
first thermoplastic resin comes into contact with the 
second molten thermoplastic resin. And, due to the 
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contact with the second molten thermoplastic resin, the 
portion of the first thermoplastic resin which portion 
has come into contact with the second molten 
thermoplastic resin comes to have a temperature T"i 
5 which temporarily satisfies T"i^T S i. The solidified 
layer is required to have a thickness that satisfies 
T"iSsT S i. The above temperature and the above thickness 
change depending upon the form of a molded article and 
the temperature of the second molten thermoplastic resin. 
10 For example, the above thickness is desirably 

approximately from 0.1 mm to 1 mm. Desirably, the value 
of (T sl - T'i) is 0°C to 30°C, preferably 10°C to 20°C. 
#™ When the second molten thermoplastic resin comes into 

U3 contact with the first thermoplastic resin, the 

® 15 temperature of a portion of the second molten 

fy thermoplastic resin which portion comes into contact 
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with the first thermoplastic resin is required to be a 
temperature that satisfies T'^ssTsi- By the above 
embodiment, a portion of the molded article made of the 
20 first thermoplastic resin and a portion of the molded 

article made of the second thermoplastic resin are melt- 
attached to each other, so that the junction strength 
between these two portions can be improved. 

A volume of the cavity is taken as V c , a volume 
25 of the first cavity portion that the first thermoplastic 
resin can occupy in the cavity is taken as V C i/ and a 
volume of the second cavity portion that the second 
molten thermoplastic resin can occupy in the cavity is 
taken as V C 2 • Further, a volume of the first molten 
30 thermoplastic resin to be injected into the cavity is 
taken as Vi, and a volume of the second molten 
thermoplastic resin to be injected into the cavity is 
taken as V 2 . The first injection-molding method of the 
present invention satisfies V C i + V C 2 = V c . 
35 Figs. 1A to 1C, 2A to 2C, 3A to 3C , 4A to 4C, 

5A, 5B, 6A, 6B, 7A, 7B, 8A and 8B show timings of the 
start and completion of injection of the first molten 
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thermoplastic resin and the second molten thermoplastic 
resin, and the start of introduction of the pressurized 
fluid in the first injection-molding method of the 
present invention. In Figs. 1A to 1C, 2A to 2C, 3A to 
5 3C, and 4A to 4C, the volume V 2 of the second molten 
thermoplastic resin to be injected into the cavity and 
the volume V c2 of the second cavity portion that the 
second molten thermoplastic resin can occupy in the 
cavity have a relationship of V 2 <V C2 - That is, the 
10 second cavity portion is not fully filled with the 

second molten thermoplastic resin. In Figs. 5A, 5B f 6A, 
6B, 7A, 7B, 8A and 8B, V 2 = V c2 exists. That is, the 
^ second cavity portion is fully filled with the second 

it, J 

g3 molten thermoplastic resin. 

CO 15 The start of injection of the second molten 

J thermoplastic resin into the cavity in the step (b) can 

fy be made concurrently with the injection of the first 

HJ molten thermoplastic resin into the cavity as shown in 

J Figs. 1A, IB and 1C or Figs. 5A and 5B. Alternatively, 

Q 20 the above start can be made during the injection of the 

r] first molten thermoplastic resin into the cavity as 

01 shown in Figs. 2A, 2B and 2C or Figs. 6A and 6B. 

r: Further, the above start can be made after completion of 

the injection of the first molten thermoplastic resin 
25 into the cavity as shown in Figs. 3A, 3B and 3C, Figs. 
4A, 4B and 4C, Figs. 7A and 7B, or Figs. 8A and 8B. In 
embodiments shown in Figs. 3A, 3B and 3C or Figs. 7A and 
7B, the above start is made concurrently with the 
completion of injection of the first molten 
30 thermoplastic resin into the cavity, and in embodiments 
shown in Figs. 4A, 4B and 4C, or Figs. 8A and 8B, the 
above start is made some time later after completion of 
the injection of the first molten thermoplastic resin 
into the cavity. 
35 The introduction of the pressurized fluid into 

the second molten thermoplastic resin in the cavity in 
the step (c) can be made during the injection of the 
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second molten thermoplastic resin into the cavity as 
shown in Figs. 1A, 2A, 3A and 4A. Even if the 
relationship of V 2 = V C 2 exits, the above introduction 
can be made during the injection of the second molten 
5 thermoplastic resin into the cavity. Alternatively, the 
above introduction can be made after completion of the 
second molten thermoplastic resin into the cavity as 
shown in Figs. IB and 1C, Figs. 2B and 2C, Figs. 3B and 
3C, Figs. 4B and 4C, Figs. 5A and 5B, Figs. 6A and 6B, 
10 Figs. 7A and 7B or Figs. 8A and 8B. In embodiments 

shown in Figs. IB, 2B, 3B, 4B, 5A, 6A, 7A and 8A, the 
above introduction is made concurrently with completion 
S of the injection, and in embodiments shown in Figs. 1C, 

gj 2C, 3C, 4C, 5B, 6B, 7B and 8B, the above introduction is 

=p 15 made some time later after completion of the injection. 

l=~ In the first injection-molding method of the 

m present invention, when the injection of the second 

yi molten thermoplastic resin into the cavity is started, 

O the second molten thermoplastic resin injected into the 

20 cavity does not come into contact with the first molten 
thermoplastic resin injected into the cavity, whereby a 
desired portions of the molded article can be reliably 
constituted of the first and second thermoplastic resins, 
and that the form (for example, thickness, width and 
25 length) of the portions of the molded article which 

portions are made of the first and second thermoplastic 
resins can be accurately and easily controlled. The 
above state can be attained by optimizing the layout of 
the first-molten-resin injection portion and the second- 
30 molten-resin injection portion in the mold assembly. 

In embodiments shown in Figs. 1A to 1C, 2A to 
2C, 3A to 3C, and 4A to 4C, the timing of contacting 
between the first thermoplastic resin and the second 
thermoplastic resin in the cavity comes after the start 
35 of introduction of the pressurized fluid into the second 
molten thermoplastic resin in the cavity in the step (c). 
In embodiments shown in Figs. 5A, 5B, 6A, 6B, 7A, 7B, 8A 
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and 8B, the timing of the above contacting comes on or 
around a time of completion of the injection of the 
second molten thermoplastic resin into the cavity. In 
embodiments shown in Figs. 1A to 1C, 2A to 2C, 3A to 3C, 
5 and 4A to 4C, the timing of the cavity being filled with 
the first thermoplastic resin and the second 
thermoplastic resin comes after the start of 
introduction of the pressurized fluid into the second 
molten thermoplastic resin in the cavity in the step (c) , 
10 In embodiments shown in Figs. 5A, 5B, 6A, 6B, 7A, 7B, 8A 
and 8B, the above timing comes on or around the 
completion of injection of the second molten 
D thermoplastic resin into the cavity. In embodiments 

=S shown in Figs. 5A, 5B, 6A, 6B, 7A, 7B, 8A and 8B, the 

4» 15 hollow portion is formed inside the second molten 

^ thermoplastic resin mainly for compensating the volume 

tfj shrinkage of the second thermoplastic resin caused by 

- 3| cooling and solidification thereof. 

n According to a second aspect of the present 

4= 20 invention, there is provided a method for injection- 

molding a molded article having a hollow portion (to be 
abbreviated as "second injection-molding method of the 
present invention" hereinafter) by means of the 
injection-molding apparatus having the partition member 
25 incorporated. That is, the second injection-molding 

method of the present invention for achieving the above 
object is a method for injection-molding a molded 
article having a hollow portion by means of an 
injection-molding apparatus comprising; 
30 (A) a mold assembly having a first-molten-resin 

injection portion for injecting a first molten 
thermoplastic resin into a cavity of the mold assembly, 
a second-molten-resin injection portion for injecting a 
second molten thermoplastic resin into the cavity, and a 
35 pressurized-f luid introducing portion for introducing a 
pressurized fluid into the second molten thermoplastic 
resin injected into the cavity, 
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(B) a first injection cylinder communicating 
with the first-molten-resin injection portion and a 
second injection cylinder communicating with the second- 
molten-resin injection portion, and 

(C) a movable partition member to be disposed 
in a portion of the cavity that portion is between a 
first cavity portion that the first molten thermoplastic 
resin can occupy in the cavity and a second cavity 
portion that the second molten thermoplastic resin can 
occupy in the cavity, 

the method comprising the steps of; 

(a) disposing the movable partition member in 
the portion of the cavity that portion is between the 
first cavity portion that the first molten thermoplastic 
resin can occupy in the cavity and the second cavity 
portion that the second molten thermoplastic resin can 
occupy in the cavity, 

(b) injecting the first molten thermoplastic 
resin from the first injection cylinder into the first 
cavity portion through the first-molten-resin injection 
portion, 

(c) extracting the partition member from the 

cavity , 

(d) injecting the second molten thermoplastic 
resin into the portion of the cavity that the partition 
member occupied and the second cavity portion from the 
second injection cylinder through the second-molten- 
resin injection portion, and 

(e) introducing the pressurized fluid into the 
second molten thermoplastic resin in the cavity from the 
pressurized-f luid introducing portion during the 
injection of the second molten thermoplastic resin or 
after completion of the injection thereof, thereby to 
form the hollow portion inside the second thermoplastic 
resin. 

According to a third aspect of the present 
invention for achieving the above object, there is 
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provided a method for injection-molding a molded article 
having a hollow portion (to be abbreviated as "third 
injection-molding method of the present invention" 
hereinafter) by means of the injection-molding apparatus 
5 having the partition member incorporated. The third 
injection-molding method differs from the second 
injection-molding method in that the order of the 
injection of the first molten thermoplastic resin and 
the injection of the second molten thermoplastic resin 
10 is reversed. That is, the third injection-molding 
method of the present invention is a method for 
injection-molding a molded article having a hollow 
□ portion by means of an injection-molding apparatus 

^ comprising; 

Sj 

jg 15 (A) a mold assembly having a first-molten-resin 

Fy injection portion for injecting a first molten 

thermoplastic resin into a cavity of the mold assembly, 
a second-molten-resin injection portion for injecting a 
second molten thermoplastic resin into the cavity, and a 
20 pressurized-f luid introducing portion for introducing a 
pressurized fluid into the second molten thermoplastic 
resin injected into the cavity, 

(B) a first injection cylinder communicating 
with the first-molten-resin injection portion and a 

25 second injection cylinder communicating with the second- 
molten-resin injection portion, and 

(C) a movable partition member to be disposed 
in a portion of the cavity that portion is between a 
first cavity portion that the first molten thermoplastic 

30 resin can occupy in the cavity and a second cavity 

portion that the second molten thermoplastic resin can 
occupy in the cavity, 

the method comprising the steps of; 
(a) disposing the movable partition member in 
35 the portion of the cavity that portion is between the 

first cavity portion that the first molten thermoplastic 
resin can occupy in the cavity and the second cavity 
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portion that the second molten thermoplastic resin can 
occupy in the cavity, 

(b) injecting the second molten thermoplastic 
resin from the second injection cylinder into the second 

5 cavity portion through the second-molten-resin injection 
portion, 

(c) introducing the pressurized fluid into the 
second molten thermoplastic resin in the second cavity 
portion from the pressurized-f luid introducing portion 

10 during the injection of the second molten thermoplastic 
resin into the second cavity portion or after completion 
of the injection thereof, thereby to form the hollow 
□ portion inside the second thermoplastic resin, 

S (d) extracting the partition member from the 

p 15 cavity, and 

}j (e) injecting the first molten thermoplastic 

jfj resin into the portion of the cavity that the partition 

J1 member occupied and the first cavity portion from the 

^ first injection cylinder through the first-molten-resin 

C 20 injection portion. 

i? in the third injection-molding method of the 

3 present invention, preferably, the above step (d) is 

preceded by discharging of the pressurized fluid from 
the hollow portion formed inside the second 
25 thermoplastic resin, in view of preventing damage that 
the pressure of the pressurized fluid in the hollow 
portion may cause on a portion of the molded article 
which portion is made of the second thermoplastic resin. 

In the second injection-molding method of the 
30 present invention, preferably, the partition member is 
extracted or withdrawn from the cavity in the above step 
(c) after the first thermoplastic resin is solidified to 
such an extent that the movement of the partition member 
does not impair the form of the first thermoplastic 
35 resin. That is, it is preferred to extract or withdraw 
the partition member from the cavity after the injection 
of the first molten thermoplastic resin into the first 
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cavity portion is completed and a certain period of time 
passes. The injection of the second molten 
thermoplastic resin into the portion of the cavity and 
the second cavity portion may be started concurrently 
5 with completion of the extraction of the partition 
member or after a certain period of time passes • 

In the third injection-molding method of the 
present invention, preferably, the partition member is 
extracted or withdrawn from the cavity in the above step 
10 (d) after the second thermoplastic resin is solidified 
to such an extent that the movement of the partition 
member does not impair the form of the second 
^ thermoplastic resin. That is, it is preferred to 

5 extract or withdraw the partition member from the cavity 

03 15 after the injection of the second molten thermoplastic 

Ti resin into the second cavity portion is completed and a 

fU certain period of time passes. The injection of the 

fjl first molten thermoplastic resin into the portion of the 

~ cavity and the first cavity portion may be started 

S 20 concurrently with the extraction of the partition member 

or after a certain period of time passes, 
ffi In the second injection-molding method of the 

2 present invention, preferably, a portion of the first 

thermoplastic resin which portion comes in contact with 
25 the second molten thermoplastic resin comes to be in a 
re-melted state due to its contact to the second molten 
thermoplastic resin in the step (d). That is, the above 
embodiment satisfies T'i<T S i in which T'i is a 
temperature of a portion (solidified layer) of the first 
30 thermoplastic resin which portion is to come in contact 
with the second molten thermoplastic resin at a time 
immediately before the first thermoplastic resin comes 
into contact with the second molten thermoplastic resin. 
And, due to the contact with the second molten 
35 thermoplastic resin, the portion of the first 

thermoplastic resin which portion has come into contact 
with the second molten thermoplastic resin comes to have 



a temperature T"i which temporarily satisfies T"i^T S i. 
The solidified layer is required to have a thickness 
that satisfies T" i^T S i • The above temperature and the 
above thickness change depending upon the form of a 
molded article and the temperature of the second molten 
thermoplastic resin. For example, the above thickness 
is desirably approximately from 0.1 mm to 1 mm. 
Desirably, the value of (T S i - T'i) is 0°C to 30°C, 
preferably 10°C to 2 0°C. When the second molten 
thermoplastic resin comes into contact with the first 
thermoplastic resin, the temperature of a portion of the 
second molten thermoplastic resin which portion comes 
into contact with the first thermoplastic resin is 
required to be a temperature that satisfies T"issT S i. By 
the above embodiment, a portion of the molded article 
made of the first thermoplastic resin and a portion of 
the molded article made of the second thermoplastic 
resin are melt-attached to each other, so that the 
junction strength between these two portions can be 
improved . 

In the third injection-molding method of the 
present invention, preferably, a portion of the second 
thermoplastic resin which portion comes in contact with 
the first molten thermoplastic resin comes to be in a 
re-melted state due to its contact to the first molten 
thermoplastic resin in the step (e). That is, the above 
embodiment satisfies T' 2 <T S2 in which T S 2 is a 
solidification temperature of the second thermoplastic 
resin and T' 2 is a temperature of a portion of the 
second thermoplastic resin which portion is to come in 
contact with the first molten thermoplastic resin at a 
time immediately before the second thermoplastic resin 
comes into contact with the first molten thermoplastic 
resin. And, due to the contact with the first molten 
thermoplastic resin, the portion (solidified layer) of 
the second thermoplastic resin which portion has come 
into contact with the first molten thermoplastic resin 
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comes to have a temperature T M 2 which temporarily 
satisfies T" 2 ^T S 2* The solidified layer is required to 
have a thickness that satisfies T" 2 2:Ts 2 . The above 
temperature and the above thickness change depending 
5 upon the form of a molded article and the temperature of 
the first molten thermoplastic resin. For example, the 
above thickness is desirably approximately from 0.1 mm 
to 1 mm. Desirably, the value of (T s2 - T' 2 ) is 0°C to 
30°C, preferably 10°C to 20°C. When the first molten 
10 thermoplastic resin comes into contact with the second 
thermoplastic resin, the temperature of a portion of the 
first molten thermoplastic resin which portion comes 
q into contact with the second thermoplastic resin is 

*=■ required to be a temperature that satisfies T" 2 s>T s2 - By 

15 the above embodiment, a portion of the molded article 

s 

HJ made of the first thermoplastic resin and a portion of 

|ij the molded article made of the second thermoplastic 

m resin are melt-attached to each other, so that the 

JL, junction strength between these two portions can be 

X! 20 improved . 

0: The second injection-molding method of the 

S present invention may have a constitution in which that 

h* surface of the partition member which is to come in 

contact with the first molten thermoplastic resin has 
25 convexo-concave shapes. On the other hand, the third 
injection-molding method of the present invention may 
have a constitution in which that surface of the 
partition member which is to come in contact with the 
second molten thermoplastic resin has convexo-concave 
30 shapes . The convexo-concave shapes formed on the 

surface of the partition member are transferred to the 
first or second molten thermoplastic resin that is 
injected into the cavity to come in contact with the 
partition member. In a molded article as an end product, 
35 therefore, a portion of the molded article made of the 
first thermoplastic resin and a portion of the molded 
article made of the second thermoplastic resin are 



reliably engaged with each other, so that the junction 
strength between these portion can be improved. Further, 
since the junction area increases, the strength against 
peeling increases . 

Further, in the second injection-molding method 
of the present invention, preferably, the direction in 
which the partition member is movable is nearly at right 
angles with the direction of a pressure exerted on the 
partition member by the first molten thermoplastic resin 
injected from the first-molten-resin injection portion 
into the first cavity portion. In the third injection- 
molding method of the present invention, preferably, the 
direction in which the partition member is movable is 
nearly at right angles with the direction of a pressure 
exerted on the partition member by the second molten 
thermoplastic resin injected from the second-molten- 
resin injection portion into the second cavity portion, 
or the direction of a pressure exerted on the partition 
member by the pressurized fluid introduced from the 
pressurized-f luid introducing portion. In this manner, 
the partition member can be reliably moved. 

A volume of the cavity is taken as V c , a volume 
of the first cavity portion that the first molten 
thermoplastic resin can occupy in the cavity is taken as 
V C i, a volume of the second cavity portion that the 
second thermoplastic resin can occupy in the cavity is 
taken as V c2 / and a volume of the portion of the cavity 
that the partition member occupies is taken as V P . 
Further, a volume of the first molten thermoplastic 
resin to be injected into the cavity is taken as Vi, and 
a volume of the second molten thermoplastic resin to be 
injected into the cavity is V 2 . The second or third 
injection-molding method of the present invention 
satisfies V C i + V c2 + V P = V c . 

Figs. 9A, 9B, 10A, 10B, 11A, 11B and 11C show 
timings of the start and completion of injection of the 
first molten thermoplastic resin and the second molten 
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thermoplastic resin, the start of introduction of the 
pressurized fluid, and the movement of the partition 
member in the second injection-molding method of the 
present invention. Figs. 12A, 12B, 13A, 13B, 14A, 14B 
5 and 14C show timings of the start and completion of 
injection of the first molten thermoplastic resin and 
the second molten thermoplastic resin, the start of 
introduction of the pressurized fluid, and the movement 
of the partition member in the third injection-molding 
10 method of the present invention. In Figs. 9A, 9B, 10A, 
10B, 12A, 12B, 13A and 13B, the volume V 2 of the second 
molten thermoplastic resin to be injected into the 
n cavity and the volume V C 2 of the second cavity portion 

*B that the second molten thermoplastic resin can occupy in 

M 

jg 15 the cavity have a relationship of V 2 <V C2 . That is, the 

second cavity portion is not fully filled with the 
second molten thermoplastic resin. In Figs. 11A, 11B, 
iff 11C, 14A, 14B and 14C, V 2 = V c2 exists. That is, the 

!L second cavity portion is fully filled with the second 

£ 20. molten thermoplastic resin. In embodiments shown in 

Figs. 11A, 11B, 11C, 12A, 12B, 13A, 13B, 14A, 14B and 
14C, the hollow portion is formed inside the second 
molten thermoplastic resin mainly for compensating the 
volume shrinkage of the second thermoplastic resin 
25 caused by cooling and solidification thereof. 

In Figs. 9A, 9B, 10A, 11A and 11B, the 
injection of the second molten thermoplastic resin is 
started immediately after completion of the movement of 
the partition member. In Figs. 10B and 11C, the 
30 injection of the second molten thermoplastic resin is 
started after the movement of the partition member is 
completed and a certain period of time passes. In Figs. 
12A, 12B, 13A, 14A and 14B, the injection of the first 
molten thermoplastic resin is started immediately after 
35 completion of the movement of the partition member. In 
Figs. 13B and 14C, the injection of the first molten 
thermoplastic resin is started after the movement of the 



fy 
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partition member is completed and a certain period of 
time passes. 

In the step (e) of the second injection-molding 
method of the present invention or the step (c) of the 
5 third injection-molding method of the present invention, 
the introduction of the pressurized fluid into the 
second molten thermoplastic resin may be carried out 
during the injection of the second molten thermoplastic 
resin into the cavity as shown in Fig. 9A and Fig. 12A. 
10 Even if the relationship of V 2 = V c2 / the above 

introduction can be carried out during the injection of 
the second molten thermoplastic resin into the cavity. 
3 Alternatively, the above introduction may be carried out 

r~ after completion of the second molten thermoplastic 

jz 15 resin into the cavity as shown in Figs. 9B, 10A, 10B, 

HA, 11B, 11C, 12B, 13A, 13B, 14A, 14B and 14C. In 
j5 embodiments shown in Figs. 9B, 11A, 12B and 14A, the 

U1 above introduction is carried out concurrently with 

IL completion of the injection, and in embodiments shown in 

J= 20 Figs. 10A, 10B, 11B, 11C, 13A, 13B, 14B and 14C, the 

F2 i 

! j? above introduction is carried out some time later after 

g completion of the injection. 

M In the second or third injection-molding method 

of the present invention, the first or second molten 

25 thermoplastic resin is injected in a state where the 
cavity is separated (partitioned) into two spaces with 
the partition member, whereby the desired portions of 
the molded article can be reliably made of the first and 
second thermoplastic resins, and that the forms (for 

30 example, thickness, width and length) of the portions of 
the molded article which portions are made of the first 
and second thermoplastic resins can be accurately and 
easily controlled. 

In the first, second or third injection-molding 

35 method of the present invention (to be sometimes 
generally simply referred to as "injection-molding 
method of the present invention' 1 hereinafter), the 
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pressurized fluid is discharged from the system a 
predetermined period of time after the start of 
introduction of the pressurized fluid. Further, after 
the first and second thermoplastic resins in the cavity 
5 are cooled to solidness, the mold assembly is opened, 

and the molded article is taken out of the mold assembly. 

In the injection-molding method of the present 
invention, the first thermoplastic resin and the second 
thermoplastic resin can be selected from known 
10 crystalline thermoplastic resins and non-crystalline 
thermoplastic resins. The crystalline thermoplastic 
resin includes polyolefin resins such as a polyethylene 
P resin and a polypropylene resin; polyamide resins such 

sB as polyamide 6, polyamide 66 and polyamide MXD6; a 

% 15 polyoxymethylene (polyacetal) resin; polyester resins 

fy such as a polyethylene terephthalate (PET) resin and a 

polybutylene terephthalate (PBT) resin; and a 
yi polyphenylene sulfide resin. The non-crystalline 

s thermoplastic resin includes styrene-containing resins, 

11 20 a methacrylic resin, a polycarbonate resin, a modified 

fd PPE resin and an elastomer. The thermoplastic resin may 

contain a stabilizer, an ultraviolet absorbent, a mold 
|^ release agent and a pigment. Further, the thermoplastic 

resin may contain inorganic fiber(s) and inorganic 
25 filler (s) or inorganic filler(s) such as a glass fiber, 
glass beads, a carbon fiber, wollastonite, an aluminum 
borate whisker, a potassium titanate whisker fiber, a 
basic magnesium sulfate whisker fiber, a calcium 
silicate whisker, a calcium sulfate whisker, mica, 
30 kaolin and calcium carbonate. When a portion of the 
molded article which portion is made of the first 
thermoplastic resin is required to have surface 
properties such as slidability and chemical resistance, 
preferably, the first thermoplastic resin is selected 
35 from the crystalline thermoplastic resins. When a 

portion of the molded article which portion is made of 
the second thermoplastic resin is required to have 
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rigidity, preferably, the second thermoplastic resin 
contains an inorganic fiber. 

In the injection-molding method of the present 
invention, preferably, the pressurized fluid is a 
5 substance that is a gas at room temperature under 

atmospheric pressure and is neither reactive nor mixable 
with the thermoplastic resin used. Specific examples of 
the pressurized fluid include nitrogen gas, air, carbon 
dioxide gas and helium, while nitrogen gas or helium gas 
10 is preferred in view of safety and economic performances. 

With regard to the position of the pressurized- 
fluid introducing portion in the mold assembly, the 
p» injection-molding apparatus or the injection-molding 

y3 method of the present invention includes; 

^ 15 ( 1 ) a constitution in which the pressurized-f luid 

fij introducing portion is disposed such that the top end 

jjjj portion of the pressurized-f luid introducing portion is 

Li ! 

fn positioned in the second second-molten-resin injection 

b portion, 

«=; 
: : 

20 (2) a constitution in which the pressurized-f luid 
fij introducing portion is disposed such that the top end 

portion of the pressurized-f luid introducing portion is 
£7 positioned in or near a wall surface of the cavity, or 

(3) a constitution in which the pressurized-f luid 
25 introducing portion is disposed such that the top end 
portion of the pressurized-f luid introducing portion is 
positioned in a top end portion of the second injection 
cylinder. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be explained with 
preferred Examples hereinafter with reference to the 
drawings . 

Figs. 1A, IB and 1C show timings of the start 
35 and completion of injection of a first molten 

thermoplastic resin and a second molten thermoplastic 
resin, and the start of introduction of a pressurized 



fluid in the first injection-molding method of the 
present invention. 

Figs. 2A, 2B and 2C show timings of the start 
and completion of injection of a first molten 
thermoplastic resin and a second molten thermoplastic 
resin, and the start of introduction of a pressurized 
fluid in the first injection-molding method of the 
present invention . 

Figs. 3A, 3B and 3C show timings of the start 
and completion of injection of a first molten 
thermoplastic resin and a second molten thermoplastic 
resin, and the start of introduction of a pressurized 
fluid in the first injection-molding method of the 
present invention . 

Figs. 4A, 4B and 4C show timings of the start 
and completion of injection of a first molten 
thermoplastic resin and a second molten thermoplastic 
resin, and the start of introduction of a pressurized 
fluid in the first injection-molding method of the 
present invention . 

Figs. 5A and 5B show timings of the start and 
completion of injection of a first molten thermoplastic 
resin and a second molten thermoplastic resin, and the 
start of introduction of a pressurized fluid in the 
first injection-molding method of the present invention 

Figs. 6A and 6B show timings of the start and 
completion of injection of a first molten thermoplastic 
resin and a second molten thermoplastic resin, and the 
start of introduction of a pressurized fluid in the 
first injection-molding method of the present invention 

Figs. 7A and 7B show timings of the start and 
completion of injection of a first molten thermoplastic 
resin and a second molten thermoplastic resin, and the 
start of introduction of a pressurized fluid in the 
first injection-molding method of the present invention 

Figs. 8A and 8B show timings of the start and 
completion of injection of a first molten thermoplastic 
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resin and a second molten thermoplastic resin, and the 
start of introduction of a pressurized fluid in the 
first injection-molding method of the present invention. 

Figs. 9A and 9B show timings of the start and 
5 completion of injection of a first molten thermoplastic 
resin and a second molten thermoplastic resin, the start 
of introduction of a pressurized fluid, and the movement 
of a partition member in the second injection-molding 
method of the present invention. 
10 Figs. 10A and 10B show timings of the start and 

completion of injection of a first molten thermoplastic 
resin and a second molten thermoplastic resin, the start 
P of introduction of a pressurized fluid, and the movement 

yg of a partition member in the second injection-molding 

^ 15 method of the present invention. 

pj Figs. 11A, 11B and 11C show timings of the 

start and completion of injection of a first molten 
thermoplastic resin and a second molten thermoplastic 
resin, the start of introduction of a pressurized fluid, 
20 and the movement of a partition member in the second 
injection-molding method of the present invention. 

Figs. 12A and 12B show timings of the start and 
completion of injection of a first molten thermoplastic 
resin and a second molten thermoplastic resin, the start 
25 of introduction of a pressurized fluid, and the movement 
of a partition member in the third injection-molding 
method of the present invention. 

Figs. 13A and 13B show timings of the start and 
completion of injection of a first molten thermoplastic 
30 resin and a second molten thermoplastic resin, the start 
of introduction of a pressurized fluid, and the movement 
of a partition member in the third injection-molding 
method of the present invention. 

Figs. 14A, 14B and 14C show timings of the 
35 start and completion of injection of a first molten 
thermoplastic resin and a second molten thermoplastic 
resin, the start of introduction of a pressurized fluid, 
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and the movement of a partition member in the third 
injection-molding method of the present invention. 

Fig* 15 is a conceptual view of an injection- 
molding apparatus of Example 1 . 

Fig. 16 is a conceptual view of the injection 
molding apparatus, etc., for explaining the injection- 
molding method of Example 1 . 

Fig. 17, following Fig. 16, is a conceptual 
view of the injection-molding apparatus, etc., for 
explaining the injection-molding method of Example 1. 

Fig. 18, following Fig. 17, is a conceptual 
view of the injection-molding apparatus, etc., for 
explaining the injection-molding method of Example 1. 

Fig. 19 is a conceptual view of an injection- 
molding apparatus of Example 3 . 

Fig. 2 0 is a conceptual view of the injection 
molding apparatus, etc., for explaining an injection- 
molding method of Example 3. 

Fig. 21, following Fig. 20, is a conceptual 
view of the injection-molding apparatus, etc., for 
explaining the injection-molding method of Example 3. 

Fig. 22, following Fig. 21, is a conceptual 
view of the injection-molding apparatus, etc., for 
explaining the injection-molding method of Example 3. 

Fig. 23, following Fig. 22, is a conceptual 
view of the injection-molding apparatus, etc., for 
explaining the injection-molding method of Example 3. 

Fig. 24 is a conceptual view of an injection- 
molding apparatus, etc., for explaining an injection- 
molding method of Example 5. 

Fig. 25, following Fig. 24, is a conceptual 
view of the injection-molding apparatus, etc., for 
explaining the injection-molding method of Example 5. 

Fig. 26, following Fig. 25, is a conceptual 
view of the injection-molding apparatus, etc., for 
explaining the injection-molding method of Example 5. 

Fig. 27, following Fig. 26, is a conceptual 



view of the injection-molding apparatus, etc., for 
explaining the injection-molding method of Example 5. 

Fig. 2 8 is drawings for showing a size of a 
cavity (or a molded article) of a mold assembly in 
Examples 3 to 6 . 

Figs. 29A and 29D are schematic cross-sectional 
views of a partition member in a mold assembly of 
Examples 4 and 6, and Figs. 29B and 29C are schematic 
cross-sectional views of an obtained molded article. 

Fig. 30 is a conceptual view of an injection- 
molding apparatus used in Comparative Example. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Example 1 

Example 1 is concerned with the injection- 
molding apparatus of the present invention and the first 
injection-molding method of the present invention. Fig. 
15 shows a conceptual view of an injection-molding 
apparatus of Example 1. The injection-molding apparatus 
has a mold assembly 10, a first injection cylinder 15 
and a second injection cylinder 17. The mold assembly 

10 further has a cavity 13. More specifically, the mold 
assembly 10 comprises a fixed mold member 11 and a 
movable mold member 12 , and when the fixed mold member 

11 and the movable mold member 12 are clamped, the 
cavity 13 is formed. The mold assembly 10 further has a 
first-molten-resin injection portion 14 for injecting a 
first molten thermoplastic resin into the cavity 13, a 
second-molten-resin injection portion 16 for injecting a 
second molten thermoplastic resin into the cavity 13 and 
a pressurized-f luid introducing portion (gas injection 
nozzle 20) for introducing a pressurized fluid into the 
second molten thermoplastic resin injected into the 
cavity 13. The first injection cylinder 15 communicates 
with the first-molten-resin injection portion 14, and 
the second injection cylinder 17 communicates with the 
second-molten-resin injection portion 16. In Example 1, 
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the first-molten-resin injection portion 14 and the 
second -molten-res in injection portion 16 had a side gate 
structure. Showing of other elements of the injection- 
molding apparatus is omitted. The gas injection nozzle 
5 20 is a gas injection nozzle for introducing, through a 
top end portion thereof, the pressurized fluid into the 
molten thermoplastic resin injected into the cavity, and 
a rear end portion of the gas injection nozzle 20 is 
connected to a pressurized gas source 22 through a 
10 piping 21. In the mold assembly 10 shown in Fig. 15, 
the top end portion of the gas injection nozzle 20 is 
disposed in the cavity 13 when the molten thermoplastic 
q resin is introduced into the cavity 13. The gas 

y3 injection nozzle 2 0 is movable in the direction in which 

m 

^ 15 it enters into the cavity 13 and leaves the cavity 13, 

fy with a moving mechanism (for example, a hydraulic 

Ijj cylinder (not shown)). 

m The injection-molding method of Example 1 using 

^ the injection-molding apparatus shown in Fig. 15 will be 

20 explained with reference to conceptual views of the 
fy injection-molding apparatus shown in Figs. 16 to 18. 

~; Figs. 16 to 18 omit showing of the first and second 

u injection cylinders 15 and 17. In the injection-molding 

method of Example 1, the embodiment shown in Fig. 4B was 
25 employed as timings of the start and completion of 

injection of the first molten thermoplastic resin and 
the second molten thermoplastic resin, and the start of 
introduction of the pressurized fluid. The cavity 13 
had the form of a 30 x 30 x 120 mm rectangular 
30 parallelepiped. A polycarbonate resin (S3 000, supplied 
by Mitsubishi Engineering-Plastics Corp.) was used as a 
first thermoplastic resin, and a glass-fiber-reinforced 
polycarbonate resin (GS-2010M, supplied by Mitsubishi 
Engineering-Plastics Corp.) was used as a second 
35 thermoplastic resin. 
[Step-100 ] 

As shown in Fig. 15, the fixed mold member 11 
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and the movable mold member 12 were clamped, and the gas 
injection nozzle 20 was brought into a state where the 
top end portion thereof was projected in the cavity 13. 
And, the first thermoplastic resin was plasticized, 
5 melted and metered in the first injection cylinder 15, 
and then, the first molten thermoplastic resin 30 was 
injected into the cavity 13 from the first injection 
cylinder 15 through the first-molten-resin injection 
portion 14 (see Fig- 16). The first molten 

10 thermoplastic resin 30 injected into the cavity 13 was 
adjusted to have a volume (V L ) that was 30 % of the 
entire volume (V c ) of the cavity 13. Table 1 shows an 
injection condition of the first molten thermoplastic 
resin. The resin temperature is a temperature of the 

15 molten thermoplastic resin in the injection cylinder, 
and all of pressure data are gage pressures. 



Table 1 



Resin temperature 


2 8 0°C 


Injection pressure 


7 . 85 x 10 7 Pa (800 kgf/cm 2 -G) 


Injection time period 


4 seconds 


Mold temperature 


80°C 



20 

[Step-110] 

The second thermoplastic resin was plasticized, 
melted and metered in the second injection cylinder 17 
in advance. And, the injection of the first molten 

25 thermoplastic resin 3 0 into the cavity 13 was completed, 
and 3 second thereafter, the injection of the second 
molten thermoplastic resin 31 into the cavity 13 from 
the second injection cylinder 17 through the second- 
molten-resin injection portion 16 was started without 

30 bringing it into contact with the first molten 

thermoplastic resin 30 injected in the cavity 13. The 
second molten thermoplastic resin 31 was adjusted to 
have a volume (V 2 ) that was 50 % of the entire volume 
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(V c ) of the cavity 13. Fig. 17 shows a state after 
completion of the injection. Table 2 shows an injection 
condition of the second molten thermoplastic resin. 



5 Table 2 



Resin temperature 


290°C 


Injection pressure 


7 .85 x 10 7 Pa (800 kgf/cm 2 -G) 


Injection time period 


6 seconds 


Mold temperature 


80°C 



siJ Pa. 19(1 lcn-f/rrm 2 

in 



p [Step-120] 

yO Concurrently with completion of the injection 

^ 10 of the second molten thermoplastic resin 31 into the 

4= 7 

py cavity 13, a pressurized fluid (nitrogen gas: 1.18 x 10 

Pa, 12 0 kgf/cm 2 -G) was introduced into the second molten 

thermoplastic resin 31 in the cavity 13 from the 

pressurized-f luid introducing portion (gas injection 

15 nozzle 20), to form a hollow portion 32 inside the 

second thermoplastic resin 31. In this manner, the 

second molten thermoplastic resin 31 was brought into 

contact with the first thermoplastic resin 30 and the 

cavity 13 was filled with the first thermoplastic resin 

20 30 and the second thermoplastic resin 31 (see Fig. 18). 

[Step-130] 

Ninety seconds after the start of injection of 
the first molten thermoplastic resin 30, the pressurized 
fluid in the hollow portion 32 was released into 

25 atmosphere through the gas injection nozzle 20. And, 
100 seconds after the start of injection of the first 
molten thermoplastic resin 30, the fixed mold member 11 
and the movable mold member 12 were opened, and a molded 
article was taken out. 

30 In the obtained molded article, a portion made 

of the first thermoplastic resin had a nearly uniform 
length (length along an imaginary line connecting the 
first injection cylinder and the second injection 



cylinder), and the hollow portion 32 was reliably formed 
in a portion made of the second thermoplastic resin. 
The portion made of the first thermoplastic resin and 
the portion made of the second thermoplastic resin had a 
reliable junction . 
Example 2 

The injection-molding method of Example 2 is a 
variant of the injection-molding method of Example 1. 
In a step similar to [Step-120], the first thermoplastic 
resin was in a molten state when it came in contact with 
the second molten thermoplastic resin. In Example 2, 
the embodiment shown in Fig- IB was employed as timings 
of the start and completion of injection of the first 
molten thermoplastic resin and the second molten 
thermoplastic resin, and the start of introduction of 
the pressurized fluid. Example 2 used the same 
injection-molding apparatus, the same first 
thermoplastic resin and the same second thermoplastic 
resin as those in Example 1. 
[Step-200] 

First, the first molten thermoplastic resin was 
injected into the cavity 13 from the first injection 
cylinder 15 through the first-molten-resin injection 
portion 14 in the same manner as in [Step-100] of 
Example 1. Concurrently with the start of injection of 
the first molten thermoplastic resin, the injection of 
the second molten thermoplastic resin into the cavity 13 
from the second injection cylinder 17 through the 
second-molten-resin injection portion 16 was started 
without bringing it into contact with the first molten 
thermoplastic resin injected in the cavity 13 in the 
same manner as in [Step-110]. 
[Step-210] 

And, concurrently with completion of the 
injection of the second molten thermoplastic resin into 
the cavity 13, a pressurized fluid was introduced into 
the second molten thermoplastic resin in the cavity 13 
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from the pressurized-f luid introducing portion (gas 
injection nozzle 20) in the same manner as in [Step-120] 
of Example 1, to form a hollow portion inside the second 
thermoplastic resin. Due to the above procedure, the 
5 second molten thermoplastic resin was brought into 

contact with the first molten thermoplastic resin, and 
the cavity 13 was filled with the first molten 
thermoplastic resin and the second molten thermoplastic 
resin. Then, a step similar to [Step-130] of Example 1 

10 was carried out, to obtain a molded article. 

The first thermoplastic resin was in a molten 
state when brought into contact with the second molten 
thermoplastic resin, so that a portion of the molded 
article made of the first thermoplastic resin and a 

15 portion of the molded article made of the second 

thermoplastic resin were melt-attached and that the 
junction strength between these two portion was improved. 
In the thus-obtained molded article, the portion made of 
the first thermoplastic resin had a nearly uniform 

20 thickness, and the hollow portion was reliably formed in 
the portion made of the second thermoplastic resin. 
Example 3 

Example 3 is concerned with the injection- 
molding apparatus having a partition member, provided by 

25 the present invention, and the second injection-molding 
method of the present invention. Fig. 19 shows a 
conceptual view of the injection-molding apparatus of 
Example 3. The injection-molding apparatus is the same 
as the injection-molding apparatus explained in Example 

30 1 except that it has a movable partition member 40 and 
that the cavity 13 has a different form, so that a 
detailed explanation thereof is omitted. 

The partition member 40 is disposed in a 
portion of the cavity between a first cavity portion 13A 

35 that the first molten thermoplastic resin can occupy in 
the cavity 13 and a second cavity portion 13B that the 
second thermoplastic resin can occupy in the cavity 13. 
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In Example 3, the partition member 40 is movable in 
directions in which it comes near to the second 
injection cylinder 17 and comes near to the first 
injection cylinder 15 with a hydraulic cylinder (not 
5 shown). That is, the direction in which the partition 
member 4 0 is movable is nearly at right angles with the 
direction (indicated by a hollow arrow mark in Fig. 19) 
of a pressure exerted on the partition member 4 0 by the 
first molten thermoplastic resin injected into the first 
10 cavity portion 13A from the first-molten-resin injection 
portion 14. When the partition member 40 comes nearest 
„ to the first injection cylinder 15 (to be called 

2 "positioned in the forward end" hereinafter), the first 

(2 cavity portion 13A and the second cavity portion 13B 

15 come out of a communicated state. Further, when the 

l y 

iU partition member 40 comes nearest to the second 

f2 injection cylinder 17 (to be referred to as "positioned 

J in the backward end" hereinafter), the entire partition 

y member 40 is positioned outside the cavity 13. In 

3] 20 Example 3, that surface of the partition member 40 which 

CP comes in contact with the first molten thermoplastic 

T: resin is formed as a flat surface. The gas injection 

nozzle 2 0 is movable in the direction perpendicular to 
the paper surface of the drawing. 
25 The injection-molding method of Example 3 using 

the injection-molding apparatus shown in Fig. 19 will be 
explained with reference to conceptual views of the 
injection-molding apparatus, etc., shown in Figs. 20 to 
23. Figs. 20 to 23 omit showing of the first and second 
30 injection cylinders 15 and 17. In the injection-molding 
method of Example 3, the embodiment shown in Fig. 9B was 
employed as timings of the start and completion of 
injection of the first molten thermoplastic resin and 
the second molten thermoplastic resin, the start of 
35 introduction of the pressurized fluid, and the movement 
of the partition member 40. The cavity 13 had a size 
(i.e., a size of a molded article) as shown in Fig. 28. 
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Example 3 used a polyacetal resin having excellent 
slidability (F20-03, supplied by Mitsubishi Engineering- 
Plastics Corp. ) as a first thermoplastic resin and a 
polyacetal resin containing 25 % by weight of a glass 
5 fiber (FG2025 / supplied by Mitsubishi Engineering- 
Plastics Corp.) as a second thermoplastic resin. 
Examples 4 to 6 also used the above resins as a first 
thermoplastic resin and a second thermoplastic resin, 
and each of Examples 4 to 6 employed the same cavity 
10 size as that explained above. 
[Step-300] 

As shown in Fig. 19, a fixed mold member 11 and 
O a movable mold member 12 were clamped, and a gas 

injection nozzle 20 was brought into a state where the 
15 top end portion thereof was projected in the cavity 13. 
And, the partition member 40 was disposed in the portion 
of the cavity between the first cavity portion 13A that 
the first molten thermoplastic resin could occupy in the 
cavity 13 and the second cavity portion 13B that the 
20 second molten thermoplastic resin could occupy in the 
cavity 13. That is, the partition member 40 was 
positioned in the forward end. 

Then, the first thermoplastic resin was 
plasticized, melted and metered in the first injection 
25 cylinder 15, and then the first molten thermoplastic 

resin 30 was injected into the first cavity portion 13A 
from the first injection cylinder 15 through the first- 
molten-resin injection portion 14, to fill the first 
cavity portion 13A with the first molten thermoplastic 
30 resin 30 (see fig. 20). Table 3 shows an injection 
condition of the first molten thermoplastic resin. 
After completion of the injection of the first molten 
thermoplastic resin 30, a dwell time of 1 second under a 
pressure of 2 .45 x 10 7 Pa (250 kgf/cm 2 -G) was secured. 

35 



Table 3 



Resin temperature 


2 0 0°C 


Injection pressure 


5 . 89 x 10 7 Pa (600 kgf/cm 2 -G) 


Injection time period 


3 seconds 


Mold temperature 


60°C 



[Step-310 ] 

Then, the partition member 40 was extracted or 
withdrawn from the cavity 13 by operating a hydraulic 
cylinder (not shown) to position the partition member 40 
in the forward end (see Fig. 21). 
[Step-320] 

The second thermoplastic resin was plasticized, 
melted and metered in the second injection cylinder 17 
in advance. Then, the second molten thermoplastic resin 
31 was injected into the portion 13C of the cavity (see 
Fig. 21) that had been occupied by the partition member 
40 and the second cavity portion 13B from the second 
injection cylinder 17 through the second-molten-resin 
injection portion 16. The second molten thermoplastic 
resin 31 injected into the cavity 13 had a volume (V 2 ) 
that was adjusted to 70 % of a total (V c2 + V P ) of the 
second cavity portion 13B and the portion 13C of the 
cavity that the partition member 4 0 had occupied. Fig. 
22 shows a state immediately after completion of the 
injection. Table 4 shows an injection condition of the 
second molten thermoplastic resin. 



Table 4 



Resin temperature 


210°C 


Injection pressure 


6.87 x 10 7 Pa (700 kgf/cm 2 -G) 


Injection time period 


6 seconds 


Mold temperature 


60°C 



[Step-3 30] 
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Concurrently with completion of the injection 
of the second molten thermoplastic resin 31 into the 
cavity 13 , a pressurized fluid (nitrogen gas: 4.9 x 10 6 
Pa, 50 kgf/cm 2 -G) was introduced into the second molten 
5 thermoplastic resin 31 in the cavity 13 from the 

pressurized-f luid introducing portion (gas injection 
nozzle 20)/ to form a hollow portion 32 inside the 
second thermoplastic resin (see Fig. 23). 
[Step-340] 

10 Sixty seconds after the injection of the first 

molten thermoplastic resin 30 was started, the 
_ pressurized fluid in the hollow portion 32 was released 

"J* into atmosphere through the gas injection nozzle 20. 

CD Eighty seconds after the injection of the first molten 

J: 15 thermoplastic resin 3 0 was started, the fixed mold 

fd member 11 and the movable mold member 12 were opened, 

^ and a molded article was taken out. 

J" In the thus-obtained molded article, the 

O portion made of the first thermoplastic resin had a 

~= 20 uniform thickness, and the hollow portion 32 was 

m reliably formed in the portion made of the second 

^ thermoplastic resin. Further, the portion made of the 

first thermoplastic resin and the portion made of the 
second thermoplastic resin were reliably melt-attached 
25 to each other. 
Example 4 

Example 4 used an injection-molding apparatus 
that was the same as the injection-molding apparatus 
explained in Example 3 except that the surface of the 

30 partition member 40 which surface was to come in contact 
with the first molten thermoplastic resin was provided 
with a convexo-concave shape (undercut) as shown in Fig. 
29A that is a schematic cross-sectional view obtained by 
cutting the partition member 40 with a plane at right 

35 angles with the longitudinal direction. 

The injection-molding method of Example 4 is a 
variant of the injection-molding method of Example 3. 
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The injection-molding method of Example 4 differs from 
that of Example 3 only in that a dwell time of 2 0 
seconds under a pressure of 2.45 x 10 7 Pa (250 kgf/cm 2 - 
G) was secured after completion of the injection of the 
5 first molten thermoplastic resin in a step similar to 
[Step-300]. By securing such a longer dwell time, the 
first thermoplastic resin in the first cavity portion 
13A was cooled, and as a result, a portion of the first 
thermoplastic resin which portion came in contact with 

10 the second molten thermoplastic resin 31 was not brought 
into a re-melted state even if it came into contact with 
the second molten thermoplastic resin 31 in a step 
similar to [Step-320]. As shown in Figs. 29B and 29C 
that are schematic cross-sectional views of an obtained 

15 molded article, a portion of the molded article made of 
the first thermoplastic resin and a portion of the 
molded article made of the second thermoplastic resin 
were bonded to each other in an undercut state, and the 
junction strength between the portion of the molded 

20 article made of the first thermoplastic resin and the 
portion of the molded article made of the second 
thermoplastic resin was improved. Fig. 29B shows a 
schematic cross-sectional view taken along a line B-B in 
the cavity (mold article) shown in Fig. 28, and Fig. 29C 

25 shows a schematic cross-sectional view taken along a 

line C-C in the cavity (mold article) shown in Fig. 28. 
Example 5 

Example 5 is concerned with the injection- 
molding apparatus having a partition member and the 

30 third injection-molding method of the present invention. 
Since the injection-molding apparatus of Example 5 has 
the same structure as the injection-molding apparatus of 
Example 3 , so that a detailed explanation thereof is 
omitted. The direction in which the partition member 40 

35 is movable is nearly at right angles with the direction 
of a pressure exerted on the partition member 40 by the 
second molten thermoplastic resin injected into the 
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second cavity portion 13B from the second-molten-resin 
injection portion 16 or the direction of a pressure 
exerted on the partition member 4 0 by the pressurized 
fluid introduced from the pressurized-f luid introducing 
5 portion (gas injection nozzle 20) (the directions of 

these pressures are 180° reverse to the direction of the 
hollow arrow mark in Fig. 19). 

The injection-molding method of Example 5 using 
the injection-molding apparatus shown in Fig. 19 will be 

10 explained with reference to conceptual views of the 

injection-molding apparatus , etc., shown in Figs. 24 to 
27. Figs. 24 to 27 omit showing of the first and second 
injection cylinders 15 and 17. In the injection-molding 
method of Example 5, the embodiment shown in Fig. 12B 

15 was employed as timings of the start and completion of 
injection of the first molten thermoplastic resin and 
the second molten thermoplastic resin, the start of 
introduction of the pressurized fluid, and the movement 
of the partition member 40. 

20 [Step-500] 

As shown in Fig. 19, the fixed mold member 11 
and the movable mold member 12 were clamped, and the gas 
injection nozzle 20 was brought into a state where the 
top end portion thereof was projected in the cavity 13. 

25 And, the partition member 40 was disposed in the portion 
of the cavity between the first cavity portion 13A that 
the first molten thermoplastic resin could occupy in the 
cavity 13 and the second cavity portion 13B that the 
second molten thermoplastic resin could occupy in the 

30 cavity 13. That is, the partition member 40 was 
positioned in the forward end. 

Then, the second thermoplastic resin was 
plasticized, melted and metered in the second injection 
cylinder 17, and then the second molten thermoplastic 

35 resin 31 was injected into the second cavity portion 13A 
from the second injection cylinder 17 through the 
second-molten-resin injection portion 16 (see Fig. 24). 
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The second molten thermoplastic resin 31 injected into 
the second cavity portion 13B had a volume (V 2 ) that was 
adjusted to 70 % of the volume (V c2 ) of the second 
cavity portion 13B- Table 5 shows an injection 
condition of the second molten thermoplastic resin. 

Table 5 



Resin temperature 


210°C 


Injection pressure 


6 .87 x 10 7 Pa (700 Jcgf/cm 2 -G) 


Injection time period 


6 seconds 


Mold temperature 


6 0°C 



fU 



10 [Step-510] 

Concurrently with completion of the injection 
of the second molten thermoplastic resin 31 into the 
cavity, a pressurized fluid (nitrogen gas: 4.9 x 10 6 Pa, 
50 kgf/cm 2 -G) was introduced into the second molten 

15 thermoplastic resin 31 in the second cavity portion 13B 
from the pressurized-f luid introducing portion (gas 
injection nozzle 20), to form a hollow portion 32 inside 
the second thermoplastic resin 31, and the second cavity 
portion 13B was filled with the second molten 

20 thermoplastic resin 31 (see Fig. 25). Sixty seconds 

after the injection of the second molten thermoplastic 
resin 31 was started, the pressurized fluid in the 
hollow portion 32 was released into atmosphere through 
the gas injection nozzle 20. 

25 [Step-520] 

Then, the partition member 40 was extracted or 
withdrawn by operating a hydraulic cylinder (not shown) 
and then positioned in the backward end (see Fig. 26). 
[Step-530] 

30 The first thermoplastic resin was plasticized, 

melted and metered in the first injection cylinder 15 in 
advance. Then, the first molten thermoplastic resin 30 
was injected into the portion 13C of the cavity (see Fig. 
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26) that had been occupied by the partition member 40 
and the first cavity portion 13A from the first 
injection cylinder 15 through the first-molten-resin 
injection portion 14 , to fill the portion 13C of the 
5 cavity occupied by the partition member 4 0 and the first 
cavity portion 13A with the first molten thermoplastic 
resin 30 (see Fig. 27). Table 6 shows an injection 
condition of the first molten thermoplastic resin. 
After completion of the injection of the first molten 
10 thermoplastic resin 30, a dwell time of 20 seconds was 
secured under a pressure of 2.45 x 10 7 Pa (250 kgf/cm 2 - 
G). 

Table 6 



Resin temperature 


200°C 


Injection pressure 


5.89 x 10 7 Pa (600 kgf/cm 2 -G) 


Injection time period 


3 seconds 


Mold temperature 


60°C 



Seventy seconds after the injection of the 
second molten thermoplastic resin 31 was started, the 
fixed mold member 11 and the movable mold member 12 were 

20 opened, and a molded article was taken out. 

In the thus-obtained molded article, the 
portion made of the first thermoplastic resin had a 
uniform thickness, and the hollow portion 32 was 
reliably formed in the portion made of the second 

25 thermoplastic resin. Further, the portion made of the 
first thermoplastic resin and the portion made of the 
second thermoplastic resin were reliably melt-attached 
to each other. 
Example 6 

30 Example 6 used an injection-molding apparatus 

that was the same as the injection-molding apparatus 
explained in Example 3 except that the surface of the 
partition member 40 which surface was to come in contact 
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with the second molten thermoplastic resin was provided 
with a convexo-concave shape (undercut) as shown in Fig. 
29D that is a schematic cross-sectional view obtained by 
cutting the partition member 4 0 with a plane at right 
5 angles with the longitudinal direction - 

The injection-molding method of Example 6 is a 
variant of the injection-molding method of Example 5. 
In a step similar to [Step-510], concurrently with 
completion of the injection of the second molten 
10 thermoplastic resin into the second cavity portion 13B, 
a pressurized fluid (nitrogen gas: 4,9 x 10 6 Pa, 50 
kgf/cm 2 -G) was introduced into the second molten 
thermoplastic resin in the second cavity portion 13B 
from the pressurized-f luid introducing portion (gas 
=£ 15 injection nozzle 20), to form a hollow portion inside 

s j{ the second thermoplastic resin, and the second cavity 

m portion 13B was filled with the second molten 

thermoplastic resin. And, unlike Example 5, 90 seconds 
after the injection of the second molten thermoplastic 
20 resin was started, the pressurized fluid in the hollow 
portion was released into atmosphere through the gas 
injection nozzle 20. 

By taking such a longer time before the 
injection of the first molten thermoplastic resin into 
25 the first cavity portion 13A than in Example 5, the 

second thermoplastic resin in the second cavity portion 
13B was cooled, and as a result, a portion of the second 
thermoplastic resin which portion came in contact with 
the first molten thermoplastic resin was not brought 
30 into a re-melted state even if it came into contact with 
the first molten thermoplastic resin in a step similar 
to [Step-530]. In the obtained molded article, however, 
the portion of the molded article made of the first 
thermoplastic resin and the portion of the molded 
35 article made of the second thermoplastic resin were 
bonded to each other in an undercut state as shown in 
the schematic cross-sectional view of Fig. 29B (provided 



that the direction of the undercut is reverse), so that 
the junction strength between the portion of the molded 
article made of the first thermoplastic resin and the 
portion of the molded article made of the second 
thermoplastic resin was improved. 
Comparative Example 

Comparative Example used a mold assembly 100 of 
which the conceptual view is shown in Fig. 30. 
Specifically, the mold assembly 100 used in Comparative 
Example differs from the mold assembly of Example 3 
shown in Fig. 19 in that the first and second molten 
thermoplastic resins from a first injection cylinder 115 
and a second injection cylinder 117 are injected into 
the cavity 13 through one molten-resin-injection portion 
114 and that no partition member is provided. 

The first thermoplastic resin was plasticized, 
melted and metered in the first injection cylinder 115, 
and then injected into the cavity 13 from the first 
injection cylinder 115 through the molten-rein-injection 
portion 114. Table 7 shows an injection condition of 
the first molten thermoplastic resin. The injection 
amount of the first molten thermoplastic resin was 
adjusted to be an amount equal to 30 % of the volume of 
the cavity 13. 



Table 7 



Resin temperature 


200°C 


Injection pressure 


5.89 x 10 7 Pa (600 kgf/cm 2 -G) 


Injection time period 


3 seconds 


Mold temperature 


60°C 



The second thermoplastic resin was plasticized, 
melted and metered in the second injection cylinder 117 
in advance. And, concurrently with completion of the 
injection of the first molten thermoplastic resin, the 
second molten thermoplastic resin was injected into the 
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cavity 13 from the second injection cylinder 117 through 
the molten-resin-injection portion 114. The second 
molten thermoplastic resin injected into the cavity 13 
had a volume equal to 40 % of the volume of the cavity 
5 13. Table 8 shows an injection condition of the second 
molten thermoplastic resin. 



Table 8 



Resin temperature 


210°C 


Injection pressure 


6. 87 x 10 7 Pa (700 kgf/cm 2 -G) 


Injection time period 


3 seconds 


Mold temperature 


60°C 



j= Concurrently with completion of the injection 

FU of the second molten thermoplastic resin into the cavity 

IS 13 , a pressurized fluid (nitrogen gas: 4.9 x 10 6 Pa, 50 

LfJ kgf/cm 2 -G) was introduced into the molten thermoplastic 

!L 15 resin in the cavity 13 from the pressurized-f luid 

jjj introducing portion (gas injection nozzle 20), to form a 

[U hollow portion inside the thermoplastic resin. Sixty 

%1 seconds after the injection of the first molten 

M thermoplastic resin was started, the pressurized fluid 

20 in the hollow portion was released into atmosphere 
through the gas injection nozzle 20. Eighty seconds 
after the injection of the first molten thermoplastic 
resin was started, the fixed mold member 11 and the 
movable mold member 12 were opened, and a molded article 
25 was taken out. 

In the thus-obtained molded article, the 
portion made of the first thermoplastic resin had a non- 
uniform thickness, and a surface portion made of the 
first thermoplastic resin was formed on the molded 
30 article including a portion of the molded article that 
portion did not require any surface of the first 
thermoplastic resin . 

The present invention has been explained with 
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reference to preferred Examples hereinabove, while, the 
present invention shall not be limited thereto. 
Structures of the mold assembly explained in Examples 
and the first and second thermoplastic resins and the 
5 injection molding conditions used in Examples are shown 
as examples and may be changed or altered as required. 
In the first injection-molding method of the present 
invention, the injection of the second molten 
thermoplastic resin may be carried out prior to the 
10 injection of the first molten thermoplastic resin in 
some cases. That is, in the first injection-molding 
method of the present invention, the embodiment of 
□ starting the injection of the second molten 

jS thermoplastic resin into the cavity concurrently with 

jp 15 the injection of the first molten thermoplastic resin 

[Jt into the cavity includes an embodiment of carrying out 

i y 

the injection of the second molten thermoplastic resin 
Ul prior to the injection of the first molten thermoplastic 

resin. 

*p 20 Further, the second injection-molding method of 

jj? the present invention and the third injection-molding 

p method of the present invention may be combined. That 

H< is, there may be employed an injection-molding method 

using, for example, a modified injection-molding 
25 apparatus similar to the injection-molding apparatus 

explained in Example 3, the method comprising the steps 

of; 

(a) disposing a movable partition member in a 
portion of the cavity between the first cavity portion 

30 that the first molten thermoplastic resin can occupy in 
the cavity and the second cavity portion that the second 
molten thermoplastic resin can occupy in the cavity, 

(b) then, injecting the first molten 
thermoplastic resin into the first cavity portion from 

35 the first injection cylinder through the first-molten- 
resin injection portion, 

(c) introducing a first pressurized fluid into 
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the first molten thermoplastic resin in the first cavity 
portion from a first pressurized-f luid introducing 
portion during the injection of the first molten 
thermoplastic resin into the first cavity portion or 
5 after completion of the injection thereof, thereby to 
form a hollow portion inside the first thermoplastic 
resin, 

(d) extracting or withdrawing the partition 
member from the cavity, 

10 (e) injecting the second molten thermoplastic 

resin into the portion of the cavity that the partition 
member had occupied and the second cavity portion from 
the second injection cylinder through the second-molten- 
resin injection portion, and 

15 (f) introducing a second pressurized fluid into 

the second molten thermoplastic resin in the cavity from 
a second pressurized-f luid introducing portion during 
the injection of the second molten thermoplastic resin 
or after completion of the injection thereof, thereby to 

20 form a hollow portion inside the second thermoplastic 
resin. 

The above injection-molding method can include 
various embodiments in the second injection-molding 
method of the present invention and the third injection- 

25 molding method of the present invention. 

In the present invention, desired portions of a 
molded article made of two thermoplastic resins can be 
reliably formed of the two thermoplastic resins, and the 
form or shape of each of the portions made of the 

30 thermoplastic resins can be accurately and easily 

controlled. Further, the junction strength between the 
portion of the molded article made of the first 
thermoplastic resin and the portion of the molded 
article made of the second thermoplastic resin can be 

35 improved. Accordingly, desired portions of a molded 

article can be reliably imparted with desired properties 
of the two thermoplastic resins having different 
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properties, so that the freedom of design of molded 
articles can be improved, and that molded articles can 
be diversified. 

***** 
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